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Rapid Detectionof Leukemia Cells by Use of a Complement-MediatedCytolyticReaction and an Imaging Sensor System
Masayasu Suzuki,' EIIChI Tamlya,' Tetauro Kataoka,2 Tohru Tokunaga,2 and Isao Karube'
We describe a system for detection of leukemia cells involving complement-mediated cytotoxic reaction and an image processing system, consisting of a charge-coupled-device image sensor, an image memory board, a personal computer, and a phase-contrast microscope. Then added to a cell suspension, monoclonal antibody specific to the fetal thymus antigen-i of the mouse leukemia GRSL cell produced cytolysis of only GRSL cells. This cytolysis decreased the brightness of the cells observed by phase-contrast microscopy. The remaining brightness was subtracted from that of the phase-contrast image of the cells before cytolysis, which had been converted to a digital signal and stored in computer memory. Measurement time is 2 s. The time course for complete GRSL cytolysis, as measured with this system, is 12 mm; overall measurement time, including reaction time, is approximately 15 mm. GRSL cells in a suspension of mixed cells were determined specifically by the system. In another study (submitted for publication), we developed a novel method for rapidly and quantitatively detecting specific cells in suspension by applying an imaging sensor system to the determination of complement-mediated lysis of cytotoxic cells with monoclonal antibody. Using this system, we could detect, within 30 mm, guinea pig hepatocarcinoma L-10 cells making up 10% of a mixed-cell suspension. This 30-mm cytotoxic reaction time was equivalent to that of the conventional trypan-blue exclusion test, which is based on a decrease in the selective permeability of the cell membrane, the cytotoxic reaction allowing the stain to enter the cytosolic compartment.
However, because our imaging sensor system detects the phase-contrast caused by the cytotoxic reaction, we thought it possible to shorten the reaction time. Here, we report one application of the imaging sensor system combined with complement-mediated cytotoxic reaction and monoclonal antibody to the detection of mouse T-cell leukemia GRSL cells in mixed-cell suspension. We also determined the minimum essential reaction time for measurement of the cytotoxic reaction. Cells and antibody preparation. We used murine T-cell leukemia GRSL cells (1) and guinea pig hepatoma L-10 cells (2, 3) . GRSL cells were pre-incubated in RPMI164O medium (Nissui Pharmaceutical Co. Ltd., Tokyo, Japan) containing, per liter, 100 mL of fetal calf serum (Mitsubishi Chem. Ind.
Materials and Methods
Ltd., Tokyo, Japan), 2 mmol of glutamine, i#{248} USP units of penicillin G, 50 mg of kananiycin sulfate, and 2 g of NaHCO3. A 25-mL plastic culture flask containing the cell suspension was placed in an incubator with C02-enriched air (50 mIJL) and kept at 37#{176}C.
The L-i0 cells were prepared as described in our previously submitted report. In brief, L-10 cells stored in liquid nitrogen were thawed at 38#{176}C, and washed three times with RPMI164O medium. Cells were reconstituted with RPMI164O medium (cell concentration: 6 x 106 cells per milliliter).
Anti-FF-1 monoclonal antibody, which is specific for fetal thymus antigen-i (Yr-i)on GRSL cells (1), was prepared from ascite fluid by hybridoma methodology (4).
Cytotoxic reaction. The specific detection of tumor cells in this study was based on the complement-mediated cytotoxic reaction (5) . Cells that carry antibodies bound to cell-surface antigens may be lysed by complement. Lysis can be followed by (e.g.) an intake of dyes such as trypan blue (6) or release of a previously introduced isotope such as 51Cr (7, 8) . In this study, we monitored cell lysis by using a phase-contrast microscope. With normal cells, the difference between intracellular and extracellular compartments produces a lagphase in the transmission of incoming light. Normal cells therefore look bright under the phase-contrast microscope, whereas damaged cells that have lost membrane integrity appear darker. In this study, applying the decrease in brightness of lysed cells, we could distinguish specific cells and cells not bound by specific monoclonal antibody. Preincubated GRSL cells from one flask (approximately iO cells) were centrifuged at 900 rpm (radius of gyration: 155 mm) for 8 mm and decanted. The cells were washed twice with RPM11640 medium (free of calf serum) by the same procedure and reconstituted in 1 mL of the same medium to the original cell concentration, i07/mL. We then mixed 100
MLof cell suspension, 100 ,uL of anti-FF-i antibody solution (i0--10-' mg of protein per milliliter), and 50 MLof rabbit serum (Cedarlane, Ontario, Canada) in a i.5-mL microscale centrifuge tube (Eppendorf Co., Hamburg, F.RG.). After incubation at 37#{176}C, the sample was transferred into a hemacytometer (improved Neubauer type; EKDS Co., Tokyo, Japan) and analyzed with the imaging sensor system.
Instrumentation and computer hardware. Figure 1 depicts a schematic diagram of the imaging sensor system. We used a phase-contrast transmitted-light microscope (Vanox Model AHB-LB; Olympus, Tokyo, Japan) fitted with a dark-field condenser to obtain contrasting cell images. Video images of the cell suspensions in the counting chamber of the hemacy-[J4- Fig. 1 . SchematIc diagramof the imaging sensor system 1, microscope;2. charge-coupleddevicevideo camera;3, cameracontJoler; 4, videomonitor; 5, image mernoiy board; 6, random access memory; 7, central processingunIt;8, personal computer; 9, colormonitor; 10, floppydisk drive; II, printer;12,theimocontroller tometer, obtained with a charge-coupled-device video cainera (Model TI-25A; NEC, Tokyo, Japan) mounted vertically onto the microscope with a standard C-mount adapter, were displayed on a 30-cm black-and-white monitor (Model TMP-712B, NEC). After the images were focused by adjusting the focal length between the microscope objective lens and the hemacytometer, the video display was fed into an image memory board (Model FDM 98-i; Photoron, Tokyo, Japan) connected to the expanded bus of a 16-bit personal computer (Model PC-980iE, NEC). The FDM 98-i has a 6-bit analog! digital converter, an 8-bit digital/analog converter, and 64 kilobytes of random access memory.
Computer software. The main functions of the imagedigitalizing program were to scan a defined frame area (256 x 256 pixels, scan time '/60 s) of the image, express the frozen image in binary form, and record the cell image counts (number of white-level pixels) for 10 different frame scans, obtained by manually moving the field of view. Obtaining one data set (scanning, freezing, binary-translating, and completing the cell-image counts) requires about 2
5.
Measuring the time course of the cytotoxic reaction. The phase-contrast microscope was set in a thermo-stable chainber (Figure 1 ) set at 37 #{176}C.
We mixed 100 ML of cell suspension, 100 MLof anti-FF-i antibody solution (10--i0-' mg of protein per milliliter), and 50 ML of rabbit serum, then promptly transferred the sample to a simplified Cunningham chamber in which a micro-slide cover glass was used as the upper slide glass of the Cunningham chamber (9). We sealed the chamber with enamel to keep the sample from drying out.
Every 1 mm, a defined frame area of the image was scanned, the frozen image was converted to binary expression at a suitable threshold brightness level, and the cellimage counts were recorded.
Results

Cell number and image counts.
To investigate the validity of counting cells automatically, we needed to determine the relationship between cell number and image counts. Normal (non-injured) GRSL cells, diluted to variousconcentrations in 0.01 mol/L phosphate-buffered isotonic saline (pH 7.4), were transferred to the hemacytometer and the contents of the cell-image area were counted by the imaging sensor system. The brightness threshold level for translating to the binary expression was fixed at 26, which was determined by the observation of the light intensity distribution map (data were not shown here). There was a linear relationship between GRSL cell number and cell image counts over the range 2.5 x i0-6.5 x 106 cells per milliliter (Figure 2) . Thus, the number of GRSL cells could be counted automatically with the imaging sensor system. Time course of cytolytic reaction. To determine the minimum reaction time required for complement-mediated cytotoxic reaction in our system, we used the imaging sensor system to measure time courses of cytotoxic reactions for various antibody concentrations. In optimal conditions, the light intensity of cell image began to decrease in 4 to 5 nun, reaching its minimum intensity in 10 to 15 rain (Figure 3) . This was only 25-50% of the time required in the conventional dye-exclusion method to indicate complete cytolysis.
The time courses for complement-mediated cell lysis of hepatocarcinoma L-10 with monoclonal antibody 304 were also determined (Figure 4) .
Quantitative detection of GRSL cells in mixed-cell suspen- caused by the complement-mediated cytotoxic reaction was determined by the decrease in light intensity such that hepatocarcinomacellscould be specifically detected. This method can be applied to the detection of various cells if the cell-specific monoclonal antibody is available. The detection of leukemia cells in this study-and of hepatocarcinoma cells in the previous study-was specific for cell contents in the range between 10 and 100% of a mixed-cell suspension, showing that this cell-detection method is widely applicable for various target cells.
Cell lysis was very rapid, and it clearly depended on the concentration of antibody. When we used trypan-blue exclu- sion to study the time courses of the cytotoxic reaction, some of the cells were stained, but it was difficult to establish target cells (injured cells) from other cells until about 30-60 mm after starting the reaction.
Study of L-iO cell lysis with the imaging sensor system showed a slower lysis for GRSL cells: approximately 20 mm until the cell image area reached the minimum. Perhaps there are fewer antigen-antibody binding sites on the L-i0 cells than on GRSL cells, or perhaps the L-iO cell membrane is stronger than that of GRSL. Because the membrane composition of hepatoma cells is similar to that of leukemia cells (10), we favor the former explanation. This new method can become widely applicable to all cytotoxic reactions in addition to complement-mediated cytotoxic reactions reported here. We believe the image sensor system may provide very useful tool for biological research.
